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Foreword
by
Director General, International Water Management Institute
The International Water Management Institute (IWMI) began working in Kenya in 1998 with
the stationing of a part-time representative.   With this modest start it was clear that progress
would only be made through collaboration and partnership with other organizations.  Initial
collaboration was established with universities and with the International Center of Insect
Physiology and Ecology (ICIPE) headquartered in Nairobi, on a program of research on
malaria.  IWMI’s early work included participation in the Association for Strengthening
Agricultural Research in East and Central Africa (ASARECA) for the establishment of a
regional network on soil and water resources, and collaboration with both the Kenya
Agriculture Research Institute (KARI), which was actively involved in a program of
smallholder irrigation, and the Irrigation and Drainage Branch of the Ministry of Agriculture
and Land Development.  In 1999, a decision was made to establish a small office at the
International Center for Research on Agroforestry (ICRAF), whose headquarters is also in
Nairobi and houses representatives of other CGIAR centers and research institutions.
Issues characterizing irrigation in Kenya are many and varied.  Smallholder irrigation
schemes present difficult management problems including lack of financing, poor
maintenance, absence of functioning farmer support services and low income levels of farmers.
While the performance of donor-financed schemes has generally been poor, recently there
have been some encouraging results from smallholder irrigators—both individuals and
groups—for the production of high-valued crops.  Support to this movement has come from
several sources, which have provided affordable pumps and other irrigation equipment
intended for use by smallholders.  IWMI decided to take on the task of taking an initial look
at some of the issues of irrigation in Kenya, through a network of researchers who could
provide insights into the problems and attempt to evaluate the potential for smallholder
irrigation in Kenya.
In an environment of growing scarcity and competition for water, increasing the
productivity of water lies at the heart of the CGIAR goals of increasing agricultural
productivity, protecting the environment and alleviating poverty.  IWMI was designated as
the convening center for the System-Wide Initiative on Water Management (SWIM). Improving
water management requires dealing with a range of policy, institutional and technical issues.
As national agricultural research becomes increasingly involved in the water management
issues related to crop production, there is strong complementarity between their work and
many of the CGIAR centers that encourage strong collaborative research ties.  A consortium
of donors including Ford Foundation, Rockefeller Foundation, and the Governments of
Australia, Denmark, France, Germany, Netherlands and Republic of China have supported
the SWIM agenda.  IWMI staff took the initiative to find researchers interested in the topic
and created an informal network of researchers from CGIAR centers, KARI, local universities
and elsewhere, addressing many, although certainly not all, of the issues facing smallholderviii
irrigation and the management of Kenya’s water resources.  The research was partially
supported by the African Development Bank as part of the project entitled Inventory of
Smallholder Productivity and Evaluation of Low-Cost Precision Irrigation Techniques in
Southern and Eastern Africa, and by SWIM.
This publication is intended to contribute to the knowledge base on improved food
production and efforts to alleviate poverty in sub-Saharan Africa.  As highlighted in the papers,
irrigated agriculture, per se, is not a solution but irrigated agriculture with adequate support
systems including access to inputs including credit, seeds, fertilizer and downstream markets
has the potential to increase incomes of millions of rural poor in the region.  We hope that
this publication has a wide readership among researchers and practitioners in this field.  We
expect that most of the lessons and problems discussed in the papers have relevance to other
countries, particularly in eastern and southern Africa.
Dr. Herbert Blank was the first IWMI regional advisor for eastern and southern Africa.
He was instrumental in establishing IWMI’s presence in Kenya and contributed to the
establishment of IWMI’s regional office in South Africa.  Dr. Clifford Mutero succeeded Dr.
Blank and has expanded the program and led a System-Wide Initiative on Malaria and
Agriculture.  Dr. Hammond Murray-Rust, IWMI’s Theme Leader for Integrated Water




International Water Management Institute
Foreword
by
Director, Kenya Agricultural Research Institute
Kenya’s economy is agriculture-based, yet over 80 percent of the country is classified as arid
and semiarid and typically characterized by low (100-1,200 mm per annum) and erratic
rainfall, high evapotranspiration rates and generally fragile ecosystems. The water crisis in
Kenya is therefore real. Unpredictable rainfall and frequent droughts mean that farmers cannot
depend on rain-fed agriculture as a meaningful way to meet their subsistence needs. It is
becoming increasingly clear that with increased population and pressure on arable land, the
typical smallholder farmer under dryland conditions cannot even provide for his own family’s
subsistence. While irrigation provides a potential solution, Kenya’s experience has been one
of mixed results. Some of the papers in this volume document the difficulties that both the
government and smallholders face in attempting to maintain irrigation schemes in a
sustainable manner. Despite these problems however, there are pockets of success, especially
where introduction of new approaches to irrigation has made new technologies available to
Kenya’s farmers.
The water crisis has resulted in increased competition for water, even to the point of
conflict among the varied water users. Villagers need water to meet their domestic needs,
pastoralists are constantly in search of grazing land and water for their livestock and
smallholders (agriculturists) need water to grow their crops. All these parties compete for
available supplies and, in most cases, not doing much to conserve the resource for continued
sustainable use. Having legislation and regulations over water use is not an adequate solution.
There is need for local institutions that have the capacity to resolve these water conflicts.
Some of the papers in this book address this issue and provide an interesting avenue for
Kenya and other countries to pursue.
Irrigation is important to farmers’ livelihoods. While the Government of Kenya once
provided irrigation facilities to farmers at no cost, this is no longer the case. Farmers now
assume a greater, if not the full, investment cost of providing water for their varied uses. In
order to meet these costs, farmers need to produce crops that can repay this investment and
provide a livelihood for their families. Increasingly, farmers need to move from just the
production of staple crops to market-oriented crops that can provide the needed cash incomes.
One such rapidly growing area that can be tapped is the horticultural subsector. However, the
introduction of these crops and alternatives creates a whole new breed of smallholders, as
entrepreneurs whose needs are wide and varied, and who have to be knowledgeable in a whole
range of issues including improved agronomic practices, the benefits of fertilizer and pest
control, sources of credit and probably, most importantly, the knowledge of markets.
The Kenya Agricultural Research Institute (KARI) has supported smallholder irrigation
for many years. Through the promotion and sale of bucket and larger drip-irrigation kits
thousands of farmers have been exposed to opportunities for off-season vegetable production
and for the additional income provided by that activity. This and other smallholder irrigation
approaches are reported in this book. The transition, from government-provided facilities to
farmer investment in equipment, which will make the Kenyan smallholder more productive,
is a crucial first step in establishing the entrepreneurial smallholder irrigation. The changing
face of irrigation in Kenya is truly exemplified by this movement.
This book raises many issues while pointing to several promising areas as the way forward.
Many countries in the region face similar problems and we hope this book will be of value
to researchers and practitioners who deal with the important issues of water resources. We
acknowledge the contribution from the staff of the Sokoine University and IWMI to this
publication and hope that this collaborative effort is one among many more to come.
Romano M. Kiome (PhD; SS)
Director
Kenya Agricultural Research Institute
x
Acknowledgements
Support for IWMI’s work in Africa has come from IWMI’s former Director General, Dr. David
Seckler and the current DG, Prof. Frank Rijsberman who created and successfully implemented
the framework for decentralizing IWMI, placing many more of IWMI’s key staff in the field.
We would like specifically to thank Dr. Hammond Murray-Rust who conceptualized the study
and Dr. Randy Barker and provided the support from SWIM to conduct this study.
We greatly appreciate the support of the African Development Bank, which provided
substantial funding for this study and of Dr. Hilmy Sally on the IWMI side who administered
these funds.
While SWIM provided the umbrella for collaboration with other CG centers, it was the
Center DGs and their representatives in Nairobi who allowed the collaboration to take place.
From the CGIAR centers we would particularly like to thank Dr. Said Silim from ICRISAT,
Dr. Chin Ong from ICRAF and Dr. Jean Ndikumana from ILRI who worked far beyond their
job descriptions to produce these papers.  In addition, support from other international and
local organizations in Nairobi is appreciated; specifically we would like to thank Dr. S.
Sithanantham from ICIPE and to Dr. Chris Huggins from ACTS for their valuable contributions.
We would like to thank our university colleagues who are the stalwarts of African research
on irrigation.  These include Kenyan colleagues Dr. Francis Gichuki and Dr. Stephen Ngigi
from the University of Nairobi and Dr. Bancy Mati from the Jomo Kenyatta University of
Agricultural Technology, and Tanzanian colleague Dr. Nuhu Hatibu of the Sokoine University.
We would also like to thank all the other authors and researchers who contributed to this
volume.
Within the Government of Kenya we would like to especially thank Dr. Romano Kiome,
KARI’s Director, Mr. C. M. Osoro, the Deputy Director of the Ministry of Agriculture, Land
Development Division, and Mr. Abdulrazaq Ali, formerly of the National Irrigation Board.
We would like to give a special thank you to Dr. Douglas J. Merrey, IWMI’s Regional
Director for Africa who provided the leadership, and kept the study on track and the
momentum going despite disruptions caused by staff movements and administrative changes.
Finally, we would particularly like to thank Dr. Jacob Kijne who reviewed the early
versions of many of the papers.
Dr. Herbert G. Blank
Dr. Clifford M. Mutero
Abbreviations and Acronyms
ADB - African Development Bank
ALDEV - African Land Development Unit
ApproTEC - Appropriate Technology Enterprise Creation
ASAL - Arid and Semiarid Land
ASIP - Agricultural Sector Investment Programme
DALEO - District Agricultural, Livestock and Extension Officer
DANIDA - Danish International Development Agency
DC - District Commissioner
DDC - District Development Committee
DIE - District Irrigation Engineer
DIU - District Irrigation Unit
DWD - Department of Water Development
FAO - Food and Agriculture Organization of the United Nations
FPEAK - Fresh Produce Exporters’ Association of Kenya.
GDP - Gross Domestic Product
GIS - Geographical Information Systems
HCDA - Horticultural Crops Development Authority
ICDC - Industrial and Commercial Development Corporation
ICIPE - International Centre for Insect Physiology and Ecology
IDB - Irrigation and Drainage Branch
IDRS - Irrigation and Drainage Research Section
IFAD - International Fund for Agricultural Development
ILRI - International Livestock Research Institute
ITDG - Intermediate Technology Development Group
IUCN - The World Conservation Union
IWMI - International Water Management Institute
JKUAT - Jomo Kenyatta University of Agriculture and Technology
JICA - Japan International Cooperation Agency
KARI - Kenya Agricultural Research Institute
KVDA - Kerio Valley Development Authority
LBDA - Lake Basin Development Authority
MENR - Ministry of Environment and Natural Resources
MoA - Ministry of Agriculture
MoA&RD - Ministry of Agriculture and Rural Development
MoWD - Ministry of Water Development
NCCK - National Council of Churches of Kenya
NGO(s) - Nongovernment Organization(s)
NIB - National Irrigation Board
NORAD - Norwegian Agency for International Development
O&M - Operation and Maintenance
PIU - Provincial Irrigation Unit
SID - Smallholder Irrigation and Drainage
SIDP - Smallholder Irrigation Development Project
SISDO - Smallholder Irrigation Scheme Development Organization
SISO - Smallholder Irrigation Schemes Organization
SSIDP - Small-Scale Irrigation Development Project
SSIU - Small-Scale Irrigation Unit
TARDA - Tana and Athi River Development Authority
UNDP - United Nations Development Programme
xiv




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Jean Ndikumana, Animal Agriculture Research Network Coordinator,





















































































































































































































































































































































Charity Kabutha, Consultant and Clifford M. Mutero, International Water Management








































































































































































































Clifford M. Mutero, International Water Management Institute, and International Center





























































































































































S. Sithanantham, A. A. Seif, J. Ssennyonga, C. Matoka and C. Mutero,


















































































































































H. Ade Freeman and Said N. Silim, International Crops Research Institute

















































































































































































































































































































































N. Hatibu, H. F. Mahoo and O.B. Mzirai,

























































































































































































































	 		  	












































































































































































































































































































































































































































































































































































































































































































































































































Drainage MoWD World Bank IDB JICA (1992)
Basin (1980) (1987) (1990)
Tana 205,500 90,000 100,000
Athi  40,000 49,500  40,000
Lake Victoria 200,000 57,400 145,000
Kerio Valley  64,000 31,200  85,000
Ewaso Ng’iro  30,000 15,700  20,000
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Table 1. Estimated irrigation potential (ha) in Kenya.
Category Area under Irrigation (ha)
1975 1983 1990 1992 1995 1998
Commercial private irrigation 10,000 17,000 22,979 23,280 37,000 40,700
Large-scale irrigation (NIB) 8,500 10,000 10,325 9,020 9,000 9,000
Small-scale irrigation 2,400 3,500 18,907 20,490 33,000 34,650
Total 20,900 30,500 51,401 52,790 79,000 84,350
Table 2. Irrigation development in Kenya (1975–98).
Sources: Heyer 1976; IDB 1990; Ragwa et al. 1998; and Ogombe 2000.
Note: Small-scale irrigation development includes schemes developed by the IDB, NGOs, and individual
farmers or groups of farmers. The recent increase under this category could be attributed mainly to indi-
vidual efforts, i.e., small-scale households.
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Table 3. Average cost of smallholder irrigation development.
Type of the System Average Cost
(Ksh) per ha
Gravity-fed open canal conveyance and distribution 80,000
Pump-fed open canal conveyance and distribution 150,000
Gravity-fed open canal conveyance, piped distribution 150,000
Gravity-fed piped conveyance and distribution 200,000
Pump-fed piped conveyance and distribution 250,000
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System Characteristics Bucket Drum Eighth-Acre
Working pressure required (m) 1 1 5–10
Average water required per day (liters) 40 200 2,000
Area coverage for vegetable systems (m2) 15 75 450
Cost (Ksh [US$]) 1,100 (15) 7,500 (100) 15,000 (200)
Table 1. Specification of drip irrigation kit systems in Kenya.
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State of the Art
Bucket systems
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Figure 1. Bucket-drip irrigation system.
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Figure 2. Drum drip irrigation system.0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Eighth-acre systems
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Table 2. Specification of the pedal pumps in Kenya.
Pump Characteristics MoneyMaker Super MoneyMaker Swiss Concrete
Date introduced in Kenya 1996 1998 1998
Construction material
Pump body Metal Metal Concrete
Cylinder Metal Metal Plastic
Piston Metal, rubber Metal, rubber Metal, rubber
Other components Metal, rubber Metal, rubber Metal, rubber
Method of joining components Welding Welding Bolts, nuts and screws
Maximum suction depth (m) 6 6 6
Maximum delivery head (m) 0 13 0
Discharge (l/min) 100 100 100
Weight (kg) 15 20 60
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Figure 4. Super MoneyMaker pump.
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Swiss concrete pedal pump
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Figure 5. Swiss concrete pedal pump.
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Capital for Small-Scale Farmers
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Smallholder Irrigation in the Basin Context)*
Use of Geographic Information Systems for Planning and
Management of Smallholder Irrigation and Drainage
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Province Districts in Irrigation and Drainage GIS Database Districts Not in
GIS Database
Central Kiambu, Kirinyaga, Maragua, Muranga, Nyeri,
Nyandarua, Thika
Coast Kwale, Kilifi, Malindi, Taita, Taveta Tana river,
Lamu, Mombasa
Eastern Embu, Isiolo, Kitui, Mbeere, Meru Central, Makueni, Marsabit
Meru North, Meru South, Mwingi, Machakos,
Tharaka
Northeastern Garissa Mandera, Wajir
Nyanza Bondo, Gucha, Homa Bay, Kisii, Kisumu, Kuria,
Migori, Nyamira, Nyando, Rachuonyo, Siaya, Suba
Rift Valley Baringo, Bomet, Kajiado, Kericho, Koibatek, Keiyo, West
Laikipia, Marakwet, Nakuru, Nandi, Narok, Pokot
Samburu, Transmara, Trans-Nzoia, Turkana,
Uasin-Gishu
Western Bungoma, Busia, Butere-Mumias, Kakamega, Vihiga
Lugari, Mt. Elgon, Teso
Nairobi Nairobi
Table 1. List of districts in the GIS database of smallholder irrigation and drainage in Kenya.
Item Irrigation Irrigation Drainage Percentage
and Drainage of Total
No. of irrigation/drainage schemes 2,210 1,860 350
Potental irrigable/drainable area (ha) 32,8001 243,060 84,941
Actual area under irrigation/drainage (ha) 56,603 40,265 16,338
Potential area (%) 17.3 16.6 19.2
Total no. of farmers 196,864 160,109 36,755
Water demand (m3/s) 0.01–86.8
Water supply (m3/s) 0.01–750
No. of schemes providing data on crops 1,776 80.3
Schemes growing field crops 1,055 59.4
Schemes growing local horticulture 1,222 68.8
Schemes growing export horticulture 261 14.7
Schemes growing Asian vegetables 97 5.5
Schemes in the GIS database 1,656 74.9
Table 2. Summary of irrigation and drainage data in the GIS.
Source: District Profiles database, current study."1
Figure 1. Location of smallholder irrigation and drainage schemes in Kenya.
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Districts in the Database
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Distribution of SID Schemes in Kenya
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Trends in SID Development in Kenya
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River Basin as a Unit of Interest
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Table 3. Irrigation and drainage in the major basins of Kenya.
Basin Irrigation               Drainage
Actual Potential Actual Potential Percentage
(ha) (ha) (ha) (ha) Developed (%)
Tana 18,841 91,000 0 0 20.7
Athi 15,898 49,500 0 - 32.1
Ewaso Ng’iro north 1,236 15,700 0 -  7.9
Ewaso Ng’iro south 172 - 0 - -
Kerio and Turkwel 4,702 31,000 140 - 15.6
Lake Victoria 3,606 57,000 801 -  7.7
Lake Naivasha 3,577 - 0 - -
Lake Baringo 971 - 0 - -
Basin totals 49,003 244,200 941 - 20.5
Basin totals were distributed as follows:
Commercial, large scale 22,743 - - - 46.4
Central managed by 10,325 - - - 21.1
      basin authorities
Smallholder irrigation 15,935 - - - 32.5
Smallholder drainage - - 941 - -"*
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GIS in Monitoring and Evaluation of Irrigation Projects
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Preliminary Evaluation of Irrigation Development in Kenya
Stephen N. Ngigi1
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Area Under Irrigation (ha) Percentage
District 1990–1995a 2000b Development
Baringo 1,914 1,994 +4
Embu 18 56 +211
Garissa 537 1,400 +161
Isiolo 484 1,050 +117
Kajiado 1,993 4,274 +114
Keiyo 5 188 +3660
Kiambu 942 1,804 +92
Kilifi 6 122 +1,933
Kirinyaga 257 725 +182
Kitui 60 75 +25
Koibatek 59 80 +36
Kwale 2,526 1,511 -40
Laikipia 200 220 +10
Machakos 300 318 +6
Malindi 72 22 -69
Maragwa 256 1,044 +308
Marakwet 6,200 1,485 -76
Mbeere 528 682 +29
Meru north 166 1,000 +502
Meru south 20 60 +200
Murang’a 33 503 +1,424
Mwingi 58 58 0
Nakuru 1,725 3,862 +124
Nyandarua 200 560 +180
Nyeri 565 1,029 +82
Samburu 20 7 -186
Tharaka 260 260 0
Thika 195 279 +43
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Water Scarcity and Conflicts:
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Figure 1. Location of the study area.*
Table 1. Moisture availability zones.
Moisture R/Eo Classification Natural Vegetation Area Total
Availability (km2) Area (%)
Zone
I >0.8 Humid Moist forest 358 2
II 0.65-0.8 Subhumid Moist and dry forest 1,316 8
III 0.5-0.65 Semihumid Dry forest and 3,043 20
moist woodland
IV 0.4-0.5 Semihumid Dry woodland 3,046 20
to semiarid and bushland
V 0.25-0.4 Semiarid Bushland 4,666 30
VI <0.25 Arid Bushland and scrubland 3,066 20
1997 1990 1994 1997
Species PE SE PE SE PE SE PE SE
Livestock 793,964 222,219 717,644 77,061 493,519 62,187 521,196 63,358
Wildlife 132,435 66,808 88,461 29,625 81,127 42,996 121,082 22,704
Table 2. Summary of the animal population.
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PE = Population estimate; SE = Standard error.
Source: Muchoki 1998.
R = Average annual rainfall (mm); Eo = Average annual potential evaporation (mm); R/Eo = Moisture
availability ratio.0
Figure 2. Rainfall distribution (annual mean).
Source: Gichuki et al. 1998a.
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Table 3. Sources of flows at Archer’s Post.
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Period Ewaso Narok Ewaso Ng’iro-Mt. Ewaso Ng’iro-Lowland
Subbasin Kenya Subbasin Catchment
(5AC8) (5D5) Subbasin*
(3,380 km2) (4,640 km2) (7,180 km2)
1951 (wet year) 22 22 56
1952 (dry year) 18 75 7
1960 (average rainfall year) 11 67 22
April (wet month) 11 40 49
September (dry month) 59 41 0
November (wet month) 23 36 42
February (dry month) 28 69 3
Annual mean 30 46 24
Sources: MoWD 1992 and NRM3 database 2000.
*Catchment between Junction and Archer’s Post.
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Table 4.  Monthly flow characteristics at Archer’s Post.
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Figure 3. Temporal variability of Ewaso Ng’iro river flow at Archer’s Post.(
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Potential (m3/day)      Demand in 2010 Potential Demand
     (m 3/day) in 2010 (m3/day)
Subbasin Area Surface Ground- Domestic Irrigation Domestic Domestic
(km2) water water and water and livestock
livestock requirement livestock and
irrigation
5AA 560 1,728 1,321 14,601 35,000 -11,552 -46,552
5AB 482 2,592 455 15,434 65,000 -12,387 -77,387
5AC 1,879 3,802 1,744 24,525 59,000 -18,979 -77,979
5AD 517 1,037 907 5,731 35,000 -3,787 -38,787
5BA 269 12,960 125 4,144 80,000 8,941 -71,059
5BB 452 39,744 461 4,061 90,000 36,144 -53,856
5BC 1,636 45,792 2,824 16,800 120,000 31,816 -88,184
5BD 674 17,280 805 6,760 53,000 11,325 -41,675
5BE 1,238 4,320 2,636 10,456 150,000 -3,500 -153,500
5DA 2,240 108,000 8,306 20,102 90,000 96,204 6,204
5DB 1,176 132,192 3,579 2,921 25,000 132,850 107,850
5DC 1,268 175,392 2,894 8,419 14,000 169,867 155,867
5DD 1,883 134,784 5,553 18,392 16,000 121,945 105,945
5DE 926 3,900 450 5,289 70,000 -939 -70,939
Total 15,200 683,522 32,060 157,635 902,000 557,948 -344,052
Table 5. Subbasin water balance for the year 2010.
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Conflicts and Key Actors Associated with Water Scarcity
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Box 1. Intensity of water conflicts.
Downstream Water Users Versus Conservationists Calling for Reduced Destruction
of Forested Water Catchments
One of the main causes of water problems has been identified as destruction of
water catchment areas. Newspapers are replete with statements on the effect of the
wanton destruction of the water catchment. For example, on 26 February, 1999,
the Managing Director of Tana and Athi Rivers Development Authority was quoted
by a Daily Nation reporter as saying that “Kenya faces an imminent water deficit
attributed to the massive destruction of water catchment areas. There is a lot of
clearing of catchment areas that must be curbed.” On 3 December 1999, another
Nation reporter said that 5 persons had died and many houses, household goods
and crops washed away following flash floods in unprotected water catchments.
On 15 March 2000, Namunane attributed water scarcity to massive felling of trees
in water catchment areas. He quoted a former minister as saying “parts of his Nyeri
district that were once wet and lush all year-round, have rapidly turned into
semiarid areas requiring food relief.”
Sources: Daily Nation. Issues on 26 February and 23 December 1999, and 15 March
2000.
Conflicts between Smallholder Irrigators and Smallholder Farmers
On 21 February 2000, residents of the Kariminu village led by the Chairman of
the Nyeri County Council barricaded the Nyeri-Nyahururu highway from 8.30 a.m.
to 1.00 p.m. when the police arrived at the scene. They were protesting against
the diversion of the Kariminu river by a group of individuals for irrigation and
failure of the local District Officer and District Water Office to take any action to
stop the illegal abstractors from draining the river. They claimed that their sub-
location had gone without water for several months due to overabstraction by
upstream irrigators resulting in increases in typhoid cases and near closure of a
local boarding high school. They demanded audience with the area District
Commissioner. As the riot police were restoring law and order, a riot erupted and




Conflicts between Irrigators and Pastoralists
Mathenge (2000a) reported that NGOs working with pastoralists were
expressing concern over unbalanced exploitation of water resources, which
cause serious conflicts. They argued that the benefits accruing from
horticultural farming should not be allowed to continue at the expense of
denying water resources for pastoralists. They blamed small- and large-scale
irrigators for the drying of the Nanyuki river barely 20 km from the Nanyuki
town. They criticized the government for failing to enforce the Water Act.
Conflicts between Irrigators and Fish Farmers
On 13 March 2000, a Daily Nation correspondent reported that a Nanyuki
fish farmer had lost 30,000 trout following the diversion of the Likii river for
irrigation upstream. The loss was estimated at KSh 4 million (US$53,000).
This is an example of the water availability risks that are borne by downstream
water users.
Source: Nation Correspondent 2000a.
Human-Wildlife Conflict
On 21 March 2000, a Daily Nation correspondent reported that 10 villagers
of the Takaba Trading Centre, Mandera district, were hurt and 8 monkeys killed
in a 2-hour battle between man and beast over water. The trouble started when
monkeys attacked villagers, while the latter were drawing water from three
relief water-delivery tankers. The clawing and biting monkeys sent villagers
fleeing and then took to quenching their thirst. The villagers regrouped and
counterattacked and killed eight monkeys. The villagers reported that water
shortage in the area had forced gazelles, hares and monkeys out of the bush
to roam through the villages. They feared that the more dangerous animals,
such as elephants, lions and leopards would soon attack them in search of
water.
On 23 March 2000, Mathenge (2000b) reported that elephants had left the
wild to look for water in a village watering point in the Olborsoit location of
the Laikipia district. Approximately 4,000 pastoralists and their cattle were
experiencing water shortage and were forced to move upstream in search of
water and grazing resources.
Source: Nation Correspondent 2000b.0
Why Are Conflicts Interesting?
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Box 2. Commercial irrigators’ views on water-resource conflicts.
There is a growing perception that irrigated horticultural enterprises are
abstracting too much water and consequently having an adverse impact on
smallholder irrigators and downstream pastoralists. Commercial irrigators
operate under conditions of uncertainty of weather, water availability and
market conditions. They also have to take into consideration that the Water
Bailiff may ban irrigation altogether on short notice, which could result in
huge financial losses arising from nonproduction of irrigated crops and
consequently failure to honor delivery contracts. This discourages long-
term investments in irrigated commercial agriculture.
Commercial irrigators have to maintain irrigation throughout the growing
cycle irrespective of the conditions of the river flow. Provision of storage
and, in some cases, exploitation of groundwater are both a statutory
obligation and an economic necessity for them. Commercial irrigators view
smallholder irrigators as inefficient irrigators. They use inefficient water
delivery, distribution and application methods, use poor agronomic
practices and consequently get a very low return per unit volume of water
abstracted. They argue that substantial savings of water can be made if
smallholder irrigators were to substantially improve their water-use
efficiencies.
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Links Between Land Management, Sedimentation, Nutrient
Flows and Smallholder Irrigation
in the Lake Victoria Basin
Chin Ong1 and Frederick Orego2
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Figure 1. Effects of nutrient and sediment flow on water quality and irrigation performance.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Figure 2. Map of Lake Victoria basin showing the location of the Nyando river basin.
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Table 1. Rough estimates of nutrient contributions (%) from various sources to Lake Victoria.
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Case 1. Gem-Rae Irrigation Scheme
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Case 2. Southwest Kano Irrigation Scheme
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Season 1995/1996 1996/1997 1997/1998 1998/1999
No. of schemes under production  19  16 -  19
Total area cropped (ha)  176  544 -  545
Average yield (tons/ha)  4.7  4.3 -  5
Maintenance fees collected (KSh)  336,505  408,059 -  318,454
Default in maintenance fee payment (%)  43  20 -  85
Source: Manager, SISO/PIU, Nyanza.
Table 2. Performance of the southwestern Kano irrigation scheme.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Case 3. Kore Irrigation Scheme
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Riparian Zones for River Banks
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Wetland Conservation
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Impact of Water Scarcity on Pastoral Systems: Experience
from the 1995–97 Drought and the 1997–98 El Niño
Rains in the Greater Horn of Africa
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Impact of the Drought and El Niño Rains on Water Sources for Livestock
Figure 1. Livestock at a shallow river.*)
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Location Pre-Drought Drought Minor El Niño La NiHa
1995 1996 Rains Rains Dry 1998
1996–97 1997–98
Southern Ethiopia PP 4 2 (1)a 5 6 (2) 2
Northern Kenya PP 3 3 (6) 4 5 (2) 2
Southern Kenya
Agro-pastoral 1 1 (1) 2 3 (1) 1
Pure pastoral 2 1 (5) 2 2 (1) 2
Northern Tanzania
Agro-pastoral 2 2 (2) 2 2 (1) 2
Pure pastoral 2 2 (2) 2 4 (2) 2
Central Tanzania AP 2 1 (1) 5 6 (2) 2
NW Tanzania AP 2 1 (1) 4 5 (2) 2
C/SW Uganda AP 2 1 (1) 3 6 (1) 2
Means: Agro-pastoral 2 1 (1) 3 4 (1) 2
Pure pastoral 3 2 (4) 3 4 (2) 2
Table 1. Mean number of water sources for livestock during each climatic phase in the zones
surveyed.
aValues in parentheses are emergency sources.
PP = Pure pastoral; AP = Agro-pastoral.
Figure 2. A dry riverbed.*(
Location Pre-Drought Drought Minor Rains El Niño Rains La Niña Dry
Southern Ethiopia PP 22.4 77.3 (81.3)a 2.4 1.3 (3.7) 3.6
Northern Kenya PP 4.7 8.5 (19.2) 2.3 1.3 (3.3) 3.6
Southern Kenya
Agro-pastoral 3.9 4.2 (3.5) 2.1 1.6 (1.6) 3.0
Pure pastoral 3.4 9.3 (12.9) 3.1 1.5 (1.3) 2.2
Northern Tanzania
Agro-pastoral 4.5 7.1 (7.1) 3.1 2.0 (1.5) 2.7
Pure pastoral 8.1 9.2 (5.4) 2.4 1.3 (1.1) 1.9
Central Tanzania AP 2.9 3.1 (4.1) 2.4 1.3 (3.7) 3.6
NW Tanzania AP 2.2 3.1 (2.9) 2.3 1.3 (3.3) 3.6
C/SW Uganda AP 1.4 4.7 (5.8) 2.3 1.2 (3.6) 3.9
Means: Agro-pastoral 3 4.4 (4.7) 2 1.5 (2.7) 3.4
Pure pastoral 9.7 26.1 (29.7) 3 1.6 (2.4) 2.8
Overall 5.9 14.05 (15.8) 2.5 1.4 (2.6) 3.1
aValues in parenthesis are distances to emergency sources.
PP = Pure pastoral; AP = Agro-pastoral.
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Distances Trekked to Water Sources
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Figure 3. Distances trekked to primary watering sources for livestock across climatic phases





































S. Kenya pure pastoral
N. Tanzania agro-pastoral






































Figure 4. Distance trekked to primary livestock watering sources for livestock across climatic
phase in south Ethiopia.
Sources of Water for Human Consumption
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Zone Water Pre- Drought Minor El Niño La Niña
Source Drought Rains Rains Dry
Southern Ethiopia
Pure pastoral Pond 48 14 54 43 56
River/stream 16 33 18 22 5
Northern Kenya
Pure pastoral Well 47 58 29 12 36
River/stream 30 13 23 43 41
Southern Kenya Borehole 20 17 17 17 23
Agro-pastoral Well 27 27 10 10 20
Pure pastoral River/stream 25 28 23 25 31
Well 17 17 19 11 16
Northern Tanzania
Agro-pastoral River/stream 35 32 38 29 38
Borehole 15 24 17 12 15
Pure pastoral River/stream 28 26 31 25 25
Pond 20 21 28 25 25
Central Tanzania
Agro-pastoral Well 47 38 43 24 40
Borehole 28 36 29 22 24
Northwestern
Tanzania Well 61 67 61 58 64
Agro-pastoral Borehole 13 15 12 10 12
Central/Southwest
Uganda Well 62 33 59 64 64
Agro-pastoral Borehole 12 15 12 12 12
Table 3. Percentage of respondent households using the most commonly used water sources
during various climatic phases (1995–1998) in the zones surveyed.0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Figure 1. Percentage of respondents in south Ethiopia utilizing the different kinds of water
sources.
Figure 2. Percentage of respondents in northern Kenya utilizing the different kinds of water
sources.0*
Figure 4. Percentage of respondents in southern Kenya pure-pastoral subzone utilizing
different kinds of water sources.
Figure 3. Percentage of respondents in S. Kenya agro-pastoral subzone utilizing different
kinds of water sources.00
Figure 5. Percentage of respondents in northern Tanzania agro-pastoral subzone utilizing
different kinds of water sources.
Figure 6. Percentage of respondents in northern Tanzania pure-pastoral subzone utilizing
the different kinds of water sources.0)
Figure 8. Percentage of respondents in northwestern Tanzania utilizing the different kinds
of water sources.
Figure 7. Percentage of respondents in central Tanzania utilizing the different kinds of water
sources.0"
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From Government to Farmer-Managed Smallholder Rice
Schemes: The Unresolved Case of the Mwea Irrigation
Scheme
Charity Kabutha1 and Clifford Mutero2
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The Irrigation Act and Regulations
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Small, Poor and High-Priced Housing
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Farmers’ Lack of Control over Their Product—Rice
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Regulation against Livestock Rearing
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Undermining the Family Unit—Boys over 18 to Leave the Scheme
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Farmers’ Takeover and the Situation at NIB
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About the Cooperative Society
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Challenges and Opportunities
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Figure 1. Health facilities generally available in the Upper Tana and Lower Tana areas.0
Figure 2. Endemicity of malaria in Kenya (after MOH 1998).)
Figure 3. Prevalence of schistosomiasis in Kenya (after Highton, 1974)."
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*  Excluding AIDS.
Upper Tana Lower Tana
Malaria Malaria
Upper respiratory tract infections Upper respiratory tract infections
Diarrhea Diarrhea
Eye infections Intestinal worms
Intestinal worms Urinary tract infections
Urinary tract infections Gonorrhea
Others Schistosomiasis
Table 1. The seven most common* endemic communicable diseases along the Tana river basin.1
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Table 2. Organizations involved in malaria control and provision of other community-based
health care (CBHC) along the Tana river.
Area District NGO
Upper Tana Embu African Medical Research Foundation (AMREF)
Tharaka Nithi Chogoria PCEA Mission Hospital
Christian Children’s Fund (CCF)
Lower Tana Garissa Medicins Sans Frontiere (MSF), Belgium
Action Nord-Sud
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Environmental risk factors
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Potential Role of Irrigation in Pest Problems
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Table 1. List of common pest-disease problems on irrigated rice and vegetables in Kenya.
Note: *** = very important; **= important; * = less important.
Crop Pest/Disease Common Name Scientific Name Relative
Importance
Rice Pest Stem borer Chilo partellus **
-do- Leaf hoppers Cicadella spectra **
-do- Case worm Nymphula depunctalis *
-do- Stalk-eyed fly Diopsis thoracica *
Disease Blast Pyricularia oryzae ***
-do- Sheath blight Rhizoctonia solani *
-do- Sheath rot Acrocynlindrium oryzae *
-do- Brown spot Helminthosporium oryzae *
-do- Stem rot H. sigmoideum *
Onion Pest Thrips Thrips tabaci ***
Tomato -do- Leaf miner Liriomyza sp. **
Tomato -do- African bollworm Helicoverpa armigera *
Tomato -do- Whitefly Bemisia tabaci **
Tomato -do- Spider mite Tetranynchus spp. **
Cabbage/Kale -do- Diamondback Moth (DBM) Plutella xylostella ***
Cabbage -do- Cabbage aphid Brevicoryne brassicae **
Tomato Disease Bacterial wilt Ralstonia solanacearum ***
Tomato -do- Root-knot Nematodes Meloidogyne spp. ***
Tomato -do- Early blight Alternaria solani *
Onion -do- Purple blotch A. porri **
Onion -do- Rust Puccinia porri *
Onion -do- Basal rot Fusarium oxysporium
   f. sp. cepae *
Cabbage/Kale -do- Black rot Xanthomonas campestris
   pv. campestris ***
Interaction of Irrigation with Agro-Ecosystem Sustainability
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IPM Linkages to Community and Environmental Concerns
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Table 3. Examples of methodologies used in the study of nontarget effects of pest-control/
irrigation practices adopted for cotton.
Pest Control/ Target Pest Nontarget Group Method Adopted Reference
Irrigation Method Studied Studied
Pesticide use Helicoverpa Natural enemies Predatory activity Hamburg and
armigera (secondary effects) Guest 1997
Biological control – -do- Evaluation techniques Obrycki and
using coccinellids (specificity assessment) Kring 1998
IPM Arthropod -do- Arthropod Kogan and
pests conservation Lattin 1993
Irrigation Lepidoptera – Pest population Perfect 1986
dynamics
Semiochemicals Heliothis zea Natural enemies Enhancement  of natural Lewis and
(esp. Trichogramma enemy effectiveness Nordlund 1985
 spp.)
Selective – Natural enemies Nutritional restraints, Mullin and
pesticides endocrine events, Croft 1985
physiological and
behavioral strategies
Microbial Various pests Natural enemies – Falcon 1985
insecticides237
Understanding IPM Needs of Farmers
Aspects and Approaches to Understanding IPM Needs of Farmers
The task of understanding farmers’ IPM needs will entail understanding the end users’
production objectives, constraints, resources, and differing socioeconomic and agro-ecological
situations.
Production objectives
Four major kinds of production objectives stand out as follows: a) food and food security, b)
cash needs, c) health needs, and d) social needs (rituals, status, etc.). In sub-Saharan Africa,
where external agencies tend to focus on irrigation in terms of food and food security, it is
common that public policy and donors emphasize the production of cash crops to generate or
save foreign exchange. This is the reason for cotton, sugarcane and rice to have dominated in
irrigation projects. However, small-scale traditional irrigation systems focus on food production
(Moris and Thom 1987). In recent years, small-scale farmers have undertaken horticultural
production to earn cash income. As is shown elsewhere in this paper, crop protection programs
in irrigated agriculture in general and pest and disease management in particular, focus on
cash crops. Indeed, most discussions on IPM in irrigated agriculture in Africa are restricted to
cotton, sugarcane and rice (Moris and Thom 1987). The new focus on smallholders will entail
focus on IPM for cash and food crops under the region’s common irrigation systems.
Constraints
In the context of agriculture in eastern Africa, the most commonly identified constraints are a)
pests and diseases, b) poor soils, c) lack of planting materials, and d) socioeconomic bottlenecks
(lack of labor capital, inputs, poor market and transportation infrastructure, weak extension,
etc.). It is clearly recognized that pest/vector management should be considered only if crop
or livestock losses due to the pest or the vector present significant production constraints
relative to other factors that compete for investment (Kiss and Meerman 1991).
Resources
The most important resources include land, capital, labor, inputs, planting material and in the
context of irrigation, water and engineering structures. Provision of these resources in irrigated
agriculture is the single-most constraining factor in Africa. Montgomery’s (1983) comparative
study rated the Mwea irrigation scheme in Kenya as the only example of a moderately successful
irrigation scheme in Africa. To be able to keep up control, governments have appropriated to
themselves the ownership of water resources and land under irrigation. Under these conditions
farmers were, for the most part, tenants with insecure rights (Tiffen 1987). Pest control was,
for the most part, carried out by the irrigation agencies using mostly chemical pesticides. Little
has been done to integrate crop pest control into the management of vectors and vector-borne
diseases. Furthermore, pest and disease control in traditional irrigation systems has not received
attention from the private- and public-sector institutions. Part of the problem stems from the
weak institutional bases and the lack of the critical mass of multidisciplinary human resources
to develop policy, and plan and implement IPM in irrigated agriculture."
Differing socioeconomic and farming conditions
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Farmers’ awareness of names of pests/diseases on vegetable crops
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Farmers’ sources of advice/information on pesticide use
&  !&& ! 	!M	&	 
 ! / & ! ! !.  > >&
&#	 2	 		# !&!& 
! > 		 !!		  
   $>	 &E!!  #! 
!!&!	 ! 	 & # ! & 
    & &=&!/ &		 <!!  !&!
	 ! 	 ! 
Source: ICIPE-IFAD-USAID-NARS IPM network project.
Crops Kenya Uganda Tanzania Ethiopia Overall
(n=60) (n=60) (n=40) (n=30) (n=200)
Tomato 77 40 87 83 72
Cabbage 22 22 23 48 29
Onion 5 7 8 48 17
Capsicum/Chili 7 31 31 0 17
French bean 31 2 0 0 8
Okra 0 7 13 0 5
Brinjal/Egg plant 12 18 15 0 11
Cucumber/Karela 13 2 33 0 12
Farmers’ perceived constraints to pest control
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Priority topics of IPM information/guidance needs of farmers
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Table 4. Percent of farmers aware of names of pests in major vegetable crops, survey  in four
countries in eastern Africa, 1998-99.1
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Examples of Currently Recommended IPM Practices for Vegetables
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Examples of Indigenous Practices and Materials Used in Pest Control
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Interaction of Irrigation Methods and Regimes on Pest Severity and
Management
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Assessment of Ecosystem Interactions in Irrigated Crop Production
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Role of Policy Issues in IPM Implementation
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Survey of Pest Problems and Current Farmer Practices
Issues addressed
,  . &
63!!    !
&3 > !>&&	 ! 	&3
 !&8! *1	  !!#
!!    !E 	 <
!&! ! >%>!>!'>		   %! >>>!'>
 %.	  >     !# '>!&! ! 
& >.	&		! 	!&! !  !	
.   M  !! 
=  !  !! 
Characteristics of households and farming systems
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Knowledge of pests, diseases and associated losses
 -
'	& ##	 <.	  
   &  >& *)!	&
	 	  #>*!	&  & 
	E !  !	%1Q'>& %*Q'  
%Q',&%0Q'&!!   # %*Q'
&.	&  
   !!#&%"Q'>
		%Q'>#!%)Q'> %*Q'	  %(Q'
>&8	
	 #!=&  	! #     
/$+	&!	     
   #!&8		 %(Q' &	    
&M&!1!M+MM> !%	'
Figure 1. Percentage of farmers estimating yield loss due to pests and diseases in different
crops grown in Mwea, Kenya.)
Figure 2. Commercial pesticides commonly used by farmers in Mwea, Kenya.
Chemical pesticide use
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Knowledge of adverse effects of pesticides
 <.	 !  #! 	   
!!B>)!	&#	 &.	 !  
, &	&	 %Q'	&IJ## #
 !!!& ! >	&! 	
&3 	&#! %*"Q'!&&  
 +) 	 & & 	) "
&	< .	 		! 	 ! #	! !  
&&	  ! &8	&	  & !&
%*Q'&/	&	&	 & !&%0Q'&.	& 
		! 	 ! #	! ! 	 %0Q'&&&& 	
  &  %"Q'	& ! ,&!
!#	! ! 		!# !  >># %00Q'
  !& &#%Q',		 %)1Q' !	& ! 
.#	! ! >&!%(Q'>&  !%*Q'
! &		! %0Q'%	'
Knowledge of pesticide resistance
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Supply of pesticides
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Source of information on pesticides use
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Figure 3. Percentage of farmers with knowledge of different effects of pesticides on beneficial(
Farmers’ own pesticide alternatives
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Figure 4. Percentage of farmers adopting indigenous pest control practices in Mwea, Kenya.*1
Use of different pest-control practices
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Concluding remarks
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Farmers’ Needs for IPM Adoption and Potential Awareness-Building
Options
Constraints
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Figure 5. Percentage of farmers adopting some combination of different pest control practices
in different crops in Mwea, Kenya.
Figure 6. Percentage of farmers adopting different combinations of pest control practices in
Mwea, Kenya.*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Conclusions and Themes for Future Focus
Conclusions from assessing the present situation
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Researchable themes of priority for sustainable irrigated crop production
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Promoting irrigation methods and regimes that minimize the severity of pest
problems on target crops
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Source: ICIPE-IFAD-USAID-NARS IPM Project.
Table 5. Topics of IPM-ICM information identified as priority needs by vegetable farmers in
four countries in eastern Africa, 1998–1999.
IPM Information Topics Needed Number of Farmers Identifying the Need
Kenya Ethiopia Tanzania Uganda Overall
(n=60) (n=30) (n=50) (n=60) (n=200)
Improved crop-management 35 2 24 29 90
practices
Appropriate choice of pesticides 32 6 7 10 55
Correct identification of pests 28 4 7 13 53
and their symptoms
Pesticide application method 17 12 1 13 43
and dosage
Safe handling of pesticides 0 0 0 16 16
Improved supply of quality seeds 4 12 0 0 16
Dependable source of pesticides 0 12 1 2 15
Fertilizer application practices 5 1 1 1 8
Alternatives to chemical pesticides 3 1 1 1 6
Record keeping on pests and 1 0 0 2 3
their control
Crop rotation practices 1 0 1 0 2
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Table 6. Impact assessment of IPM trainers’ training in Kenya and Uganda (Farmers’ cadre
and extensionists, 1988–1999).*
Aspects Related to IPM Percentage of Trainers with Awareness
Uganda Kenya
Pre- Post- Pre- Post-
training training training training
Knowledge of pests 58 92 100 100
(insects, disease and weeds)
Knowledge of pest damage 42 67 92 92
symptoms
Knowledge of pest life cycle 33 50 83 92
Knowledge of pre-harvest 50 67 54 61
waiting periods
Knowledge on safety use 58 67 92 100
of pesticides
Knowledge of safer pest 42 58 62 92
control methods
Knowledge of beneficial insects 50 50.0 62 100
*Source: ICIPE-IFAD-USAID-NARS IPM Project.*)
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Brinjal 3,200 4,050 1,800
Chili - 225 120
Okra 1,485 900 560
Karella 315 1,000 396
Tomato 1,800 2,000 1,400
Kale 144 720 800
Onion 90 240 192
Fruits
Mango 120 - 42
Pawpaw 1,200 300 210
Custard apple 60 12 12
Citrus 850 120 40
Sources: MoA 1999a.
Table 1. Area and population in the study area.
District Total Area Cultivable Proportion Total Population
(km2) Area (ha) of Cultivable Population Density
Land in (’000) (Persons/km2)
Total Area (%)
Makueni 7,440 554,000 74 767 103
Meru Central 3,012 216,500 72 500 166
Sources: Ministry of Agriculture, Central Bureau of Statistics.0)
Table 2b. Trend in  area planted to horticultural crops in Meru Central, 1991–1998.
Crop Area (ha)
1991 1992 1993 1994 1995 1996 1997 1998
Cabbage 325 250 271 519 400 360 420 440
Tomato 204 212 112 284 300 380 400 430
Kale 158 138 112 139 123 75 70 85
Onion 45 35 159 254 200 240 260 280
Karella - - 50 78 87 50 62 70
Brinjal - - 70 54 37 33 40 52
Snowpea - - 100 150 180 280 - -
Fr. bean 390 400 705 600 400 350 390 410
Okra - - 60 60 43 50 44 50
Dudhi - - 11 15 18 15 29 32
Valore - - 178 15 12 20 - -
Carrot 74 70 92 86 109 90 130 160
Source: MoA 1999a.
Table 2c. Trend in production of horticultural crops in Meru Central, 1991–1998 (output in
metric tons).
1991 1992 1993 1994 1995 1996 1997 1998
Cabbage 3,365 2,445 1,626 5,190 4,000 3,600 6,300 6,600
Tomato 1,164 1,300 1,680 1,988 2,400 3,420 4,000 5,160
Kale 854 754 224 278 264 300 210 340
Onion 334 245 636 1,270 1,600 3,600 3,900 4,200
Karella - - 198 287 609 400 558 700
Brinjal - - 214 366 296 264 360 468
Snowpea - - 30 56 360 980 - -
Fr. bean 1,720 1,420 2,999 3,160 800 1,050 1,170 1,640
Okra - - 240 516 365 450 396 500
Dudhi - - 45 54 162 150 319 384
Valore - - 714 76 48 100 - -
Carrot 444 440 368 344 545 720 1,300 1,600
Source: MoA 1999b.
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Table 3. Selected welfare indicators.
Province/District Children Population
Chronically Undernourished with Access to Safe Water
Eastern Province 39 35
Makueni 50 17
Meru Central 38 63
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Sources of Irrigation Water






Crops Grown under Irrigation
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Organization of Irrigated Production
& &=	!&  
&3.
 !>	  &= & & 	 
.&!  &		!#
# && &/#  !& 	!A>&
! #!.	 !>&&!!  #
.&&E#&9,!%:&)	7 	'	
 #   	.	!#& #!!
 
&/#  & ! #!! &	=
  !!& !		 !& 
&#		& ! >#	E	!# 	
#	# &	&!2	 
 !& > &#=>! &
 ## 	 &!& ,/!
! !!/!#3 	 /#  !& 
# #!   #	  E

&3: !>/#  #	 
E& /#  !&  /   
E&		  E 		3	&  !& 
! / &#  &	 	&  # &
.  . &	 &  #
!&8!&&	 &  	!# 
	 > / !! > &= & 
Irrigation Technology
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 Meru  Central Makueni
Activity French bean Tomato Potato Karella Ravaya long Brinjal
Land preparation 3,705 3,705 3,705 7,200 7,200 7,200
Seeds 29,640 741 29,640 0 0 0
Planting 2,470 7,410 2,964 2,012 1,817 1,817
Weeding 5,928 5,928 4,940 5,415 10,381 10,381
Manure 0 17,290 17,290 0 0 0
Fertilizer 8,892 11,115 13,338 3,735 3,960 3,960
Irrigation 0 0 0 32,230 25,300 25,300
Chemical 16,796 55,328 21,489 29,208 21,872 21,872
Nursery management 0 4,940 0 0 0 0
Pruning 0 1,976 0 0 0 0
Ridging 0 0 3,705 0 0 0
Fertilizer application 1,482 0 988 0 0 0
Spraying 2,470 2,470 7,410 0 0 0
Harvesting 39,520 6,175 14,820 5,425 12,472 12,472
Others 0 0 0 13,469 0 0
Miscellaneous costs 10% 0 0 0 9,869 14,048 14,048
Total variable cost (Ksh/ha) 110,903 117,078 120,289 108,563 97,050 97,050
Mean output (kg/ha) 9,880 24,700 19,760 12,500 20,000 20,000
Average price/kg 30 10 10 25 15 13
Total revenue 296,400 247,000 197,600 312,500 300,000 266,600
Gross margin (Ksh/ha) 185,497 129,922 77,311 203,937 202,950 169,550
Sources: MoA. 1999b; Kimenye 2000.
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Ministry of Agriculture. 1996, 1997, 1998, 1999a. Makueni district annual reports.
Ministry of Agriculture. 1996, 1997, 1998, 1999b. Meru Central district annual reports.
Central Bureau of Statistics. 1994. Welfare monitoring survey II. Ministry of Planning and National
Development.
Kimenye, L. N. 2000. Case study of factors affecting horticultural production and marketing in Kibwezi
division, Makueni district. Kenya: Cooperative for Assistance and Relief Everywhere (CARE).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Water Policy and Law in a Water-Scarce Country:
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Lack of common definitions
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The issue of scale

	! =	 !& >& I !>JI !JI 
 !J &&.  !&!
 # & &&! 		&				
 ! 	&  	&		! 	 &!!	 =
#9& #!/ !&&  
  &=   	
! !	>	 / !
&  !	 & =	 !&& =	
 &!& #!  !& &    !
&  / !8! &#!  !&#  
	& =	 	: E>!> && 
#!=> 	  	  ! 
		! 		
! !& / ! !& >%3
Table 1. Differences in the estimation of irrigation potential (‘000 ha) of a country by different
organizations.
Source National
Other National Agencies FAO IFAD WB AQUASTAT Country Ministry
Ethiopia 2,300 2,700 3,500 670 2,800 1,500 3,637





Table 2. Differences between countries and international organization in determining the
scale of irrigation.
Country
Scale Ethiopia Tanzania Mozambique FAO
Large (ha) >3,000 >2,000 >200 > 500
Medium (ha) 200–3,000 400–2,000 30 –200 50–500
Small (ha) <200 <200 <30 < 501"
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Supplementary v dry-season irrigation
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Accuracy of data
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Box 1. “Traditional irrigation” in Tanzania.
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Skewness in spatial and temporal distribution of rainfall
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Ineffective use of available water
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Ownership and access to land and water
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Tenant-farmer system
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Improving availability and productivity of water
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Box 2.  The Zimbabwe case study.
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Types of ownership
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Management and the role of different players
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Box 4. Night storage for equitable distribution among highland and lowland
irrigators.
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In-field water application
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